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(57) ABSTRACT

An 1mage sensor mncludes a matrix of active pixels (PXA). A
pair of sampling capacitors (C1) and (C2) per matrix column
processes the information delivered by the active pixel
matrix. FEach matrix column further includes a differential
amplifier configured in follower mode connected between the

pixels of the column and the pair of sampling capacitors via a
pair of switches (I11) and (12).
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METHOD FOR PROCESSING INFORMATION
DELIVERED BY A SENSOR PIXEL MATRIX
OFFERING A WIDE DYNAMIC RANGE AND

GAIN AND CORRESPONDING SENSOR

PRIORITY CLAIM

This application claims priority from French Application
for Patent No. 04 01181 filed Feb. 6, 2004, the disclosure of
which 1s hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Technical Field of the Invention

The present invention relates to the processing of signals
delivered by a matrix of pixels of an 1mage sensor.

2. Description of Related Art

An 1mage sensor conventionally comprises a matrix of
pixels. Each pixel delivers an electrical signal whose level
depends on the quantity of light received by the pixel. This
signal 1s conventionally stored 1n a pair of sampling capaci-
tors then 1t 1s amplified 1n a read amplifier.

Currently, the circuits of systems for reading signals deliv-
ered by a pixel use a 0.34 um technology with double-oxide
transistors, supplied by 3.3 V. These transistors possess an
acceptable operating dynamic range and gain.

Nevertheless, the appearance of new submicron technolo-
gies, for example a circuit using 0.18 um technology, implies
the use of single-oxide transistors with lower and lower sup-
ply voltages. As a result, the operating dynamic range 1s
relatively limited since very little margin 1s left for the maxi-
mum signal attainable by the pixel.

A need accordingly exists to provide a solution to this
problem.

Embodiments of the present invention propose a new read-
ing system allowing a part of the dynamic range to be recov-
ered and the gain to be increased for image sensors. The
invention can be applied to pixels that use either double-oxide
transistors or new submicron technologies, for example 0.18
um, using thin-oxide (or single-oxide) transistors.

SUMMARY OF THE INVENTION

An embodiment of the invention 1s a method for processing
information delivered by a matrix of active pixels.

According to one general feature of the invention, the
method for processing information delivered by an active
pixel matrix comprises, for each pixel, a read phase compris-
ing a first amplification with unity gain of the voltage deliv-
ered by the pixel and a sampling of the amplified voltage 1n a
pair of sampling capacitors.

Thus, the system response has a voltage gain close to unity
with a significantly improved dynamic range.

Furthermore, according to one embodiment, the read phase
comprises an additional amplification with umty gain
between the first amplification and the sampling.

This allows a sufliciently high current for charging the
sampling capacitors to be delivered when the pixel follower
transistor 1s 1n a weakly iverted mode.

Another embodiment of the present invention 1s an 1mage
sensor, comprising a matrix of active pixels and means for
processing the information delivered by this matrix of active
pixels.

According to one general feature of the invention, the
processing means comprise one pair of sampling capacitors
per matrix column together with a differential amplifier con-
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figured 1n follower mode and connected between the pixels of
the column and the pair of sampling capacitors.

According to one embodiment, each pixel of the image
sensor comprises a photodiode and a follower transistor
whose gate 1s connected to the photodiode. In addition, the
differential amplifier of this same 1mage sensor comprises:

a differential pair formed by the follower transistor of the
pixel and an additional transistor, the source of the transistor
being connected to a source of biasing current via a row-
selection transistor, the source of the additional transistor
being also connected to the said biasing current source, the
drain of the additional transistor being fed back onto the gate
of the additional transistor,

a current mirror connected between the drain of the fol-
lower transistor and the drain of the additional transistor,

and the gate of the follower transistor of each pixel of the
image sensor matrix forms the positive mput of the differen-
tial amplifier, whereas the gate of the additional transistor
forms the negative input of the differential amplifier.

According to one embodiment of the invention, each pixel
of the image sensor also comprises a reset transistor and, per
matrix column, a pixel supply line to which are connected the
reset transistors for the column pixels. Furthermore, this pixel
supply line 1s distinct from the bit line to which 1s connected
the differential amplifier of the image sensor.

According to one variant of the invention, each pixel of the
image sensor matrix also comprises a reset transistor, the
drain of the follower transistor and the reset transistor of each
column pixel 1s connected to the bit line to which 1s connected
the current mirror of the differential amplifier. Furthermore,
this bit line 1s supplied via a controlled switch. In addition, the
image sensor comprises control means capable of simulta-
neously turning on the reset transistor and closing the switch,
then of simultaneously turning off the reset transistor and
opening the switch.

According to one embodiment of the ivention, the pro-
cessing means also comprise an additional amplifier with
unity gain connected between the output of the differential
amplifier and the pair of sampling capacitors.

According to one embodiment of the mvention, the fol-
lower transistor of each pixel 1s a double-oxide or a single-
oxide transistor.

Another embodiment of the invention 1s a video acquisition
device, such as a video camera, incorporating at least one
image sensor of the type defined above.

According to another embodiment, a method of processing
a voltage signal generated by a photo diode comprises reading
the voltage signal using unity gain voltage amplification to
output an amplified signal, and sampling the amplified signal
in a pair ol sampling capacitors.

Accordingly to yet another embodiment, an 1mage sensor
comprises a plurality of pixels, arranged 1n rows and columuns,
cach pixel including a photodiode connected to an amplifica-
tion transistor which 1s connected to a column bit line, and a
differential amplifier for each column including a transistor
that 1s connected with the amplification transistor of a
selected pixel 1n the column to form a differential amplifica-
tion transistor pair.

BRIEF DESCRIPTION OF THE DRAWINGS

Other advantages and features of the invention will become
apparent upon examimng the detailed description of the
methods and embodiments of the invention, which are 1n no
way limiting, and the appended drawings in which:
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FIG. 1 shows a first embodiment of a sensor according to
the invention;

FI1G. 2 shows 1n more detail the differential amplifier of the
sensor in FIG. 1;

FI1G. 3 shows, 1n the form of an equivalent circuit diagram, 3
the differential amplifier in FIG. 2;

FI1G. 4 shows a timing diagram of the operation phase of the
sensor; and

FI1G. 5 1llustrates a variant sensor embodiment according to
the invention. 10

DETAILED DESCRIPTION OF THE DRAWINGS

A circuit diagram of the device according to an embodi-
ment of the invention is shown in FIG. 1. 13

The reference CPT denotes an 1image sensor which can, for
example, be mcorporated 1n a video camera.

The 1mage sensor CP'T comprises a matrix of pixels PXA
arranged 1n rows and columns.

The reterence PX denotes the pixel of a column of the
active pixel matrix of the image sensor.

The pixels of a same column are connected to the lines nl
and VX and to the supply line VRT.

A pair of sampling capacitors C1 and C2 1s connected to the
bottom end of the column via two controlled switches I1 and

12.

The two switches I1 and 12 are respectively controlled by
the control signals CDS1 and CDS2 delivered by the control
means MCM.

The other respective terminals of the sampling capacitors
C1 and C2 are connected to ground.

The two terminals of the sampling capacitors C1 and C2
are also connected to an output amplifier AOPS. The amplifier

AQOPS can be a differential amplifier or else a simple transis-
tor configured as a follower. The output amplifier AOPS

delivers the output signals OUT1 and OUT2.

A column decoder (not shown here), which selects a col-
umn of the matrix PXA, 1s generally connected to the output
of the output amplifiers AOPS.

Each pixel PX comprises a photodiode PD whose cathode
1s connected to the supply voltage VRT by way of a reset
transistor TRS which 1s controlled by a signal RESET. The
cathode of this photodiode PD 1s also connected to the gate of
a follower transistor MSENSE connected to the bit line n1,
independent from the supply line VRT, by way of a row

selection transistor TSL which 1s controlled by a signal
SELECT. The transistor MSENSE can be either a double-

oxide transistor or a thin-oxide (or single-oxide) transistor.

The control means MCM deliver the SELECT and RESET  «,
signals for the row selection transistor TSL and the reset
transistor TRS.

Furthermore, the pixel PX 1s said to be “active’ because 1t
contains an amplification device formed 1n this example by
the follower transistor MSENSE. 55

The bias for the follower transistor MSENSE of the pixel
PX 1s provided by the current source IPOL, on the line VX,
when the transistor TSL 1s conducting.

The luminous intensity of the pixel 1s converted by the
voltage VS at the terminals of the photodiode PD of the pixel 4o
PX.

When the row selection transistor TSL 1s conducting and,
above a certain threshold (threshold voltage Vt), the voltage
on VX 1s representative of the value of the voltage on the gate
of the follower transistor MSENSE of the pixel PX. 65

For low voltage values of VS, the transistor MSENSE 1s
weakly reverse biased and the current falls considerably.
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A unity gain differential amplifier AMP configured 1n fol-
lower mode 1s connected between the pixel PX and the pair of
sampling capacitors C1 and C2.

This differential amplifier AMP comprises a current mirror
formed by the transistors MP1 and MP2 and a differential pair
formed by the follower transistor MSENSE of the pixel PX
and by the additional transistor MN1.

FIG. 2 shows the unity gain differential amplifier AMP for
cach of the matrix columns in more detail.

This unity gain differential amplifier delivers the signal
vpix (the voltage vpix results from the conversion of the
current carried by the line nl). It 1s configured as a follower,
in other words 1ts output 1s fed back into its inverting input.
The differential pair consists of the follower transistor
MSENSE of the pixel PX being considered and of an addi-
tional transistor MN1 also biased by the current source IPOL.

In addition, the gate of this additional transistor MN1 1s fed
back to 1ts drain.

Furthermore, a current mirror, formed by the transistors
MP1 and MP2, 1s connected between the drain of the follower
transistor MSENSE and the drain of the additional transistor
MNI.

The transistors MP1 and MP2 are supplied by the supply
voltage AVDD to which they are connected through their
source.

Accordingly, the unity gain differential amplifier in FIG. 2
can be symbolized by the circuit diagram 1n FIG. 3 waith:

the gate of the follower transistor MSENSE of the pixel PX
forming the positive input of the amplifier, VS being the input
voltage, and

the gate and the drain of the additional transistor MN1 are
a feedback loop forming the negative input and the output of
the differential amplifier.

During the processing phase of the information delivered
by the pixel PX, the transistor MP1, configured as a diode,
copies the current flowing through the follower transistor
MSENSE of the pixel in the transistor MP2. The latter sup-
plies this current to the additional transistor MN1 that has the
same dimensions as the follower transistor MSENSE. Given
that the same current flows through the additional transistor
MN1 as tlows through the follower transistor MSENSE, the
drain potential of MN1 1s identical to VS.

In addition, an additional unity gain amplifier (buffer) BF 1s
inserted between this umity gain differential amplifier config-
ured in follower mode AMP and the pair of sampling capaci-
tors C1 and C2. This allows a sufficiently high current for
charging the sampling capacitors to be supplied when the
tollower transistor of the pixel 1s weakly reverse biased.

Without this additional unity gain amplifier BFE, the charg-
ing time for the sampling capacitors C1 and C2 would be
much too long 1n the case of low currents.

FIG. 4 shows the operational timing diagram for the circuit
of the mnvention. This diagram presents the various stages 1n
the reading of the signal delivered by the pixel PX.

The read phase comprises firstly an integration phase. The
control means MCM close the row selection transistor TLS
then the control signal CDSI1 closes the sampling switch I1.
While the switch 11 1s closed, the sampling capacitor C1 1s

charged On the falling edge of CDS1, the output signal
OUT1 1s measured.

Then, during the reset stage of the follower transistor
MSENSE, the reset transistor TRS 1s closed by the control
signal RESET, the connection between the {transistor
MSENSE and the potential VX 1s broken thanks to the opera-
tion of the row selection transistor TSL as a switch. During
this reset phase, the switches 11 and 12 are open.
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Finally, following the reset phase, the control means MCM
close the row selection transistor TLS, then the control signal
CDBS2 closes the sampling switch 12. While the switch 12 1s
closed, the sampling capacitor C2 1s charged. On the falling
edge of CDS2, the output signal OUT?2 1s measured.

The usetul signal at the output can then be calculated being
equal to the difference between the signals OUT1 and OUT?2,
in other words equal to the multiplication of a gain of the
amplifier AOPS by the difference between the two voltages
V, rand V, .

Tests were carried out on a read system which did not use
the circuit proposed by the present invention. For a maximum
V. . . value of 1.5V, the dynamic range of the circuit 1s only
0.9 V, which means 0.6 V of wasted voltage range.

The results obtained with the read system of the present
invention shows that a gain close to unity i1s obtained with a
dynamic range increased by 0.5 V.

The variant illustrated 1n FIG. 1 comprises the separation
of the supply VRT from the pixel PX. However, it 1s possible
to only have a single wire for supplying the pixel PX as
illustrated 1n FIG. 5.

The drain of the follower transistor MSENSE and the reset
transistor TRS of each pixel of the column are then connected
to the bit line nl1 to which the differential amplifier current
mirror 15 connected.

This bit line nl 1s then supplied via a controlled switch 13
controlled by a signal SELVRIT, situated in the supply line
VRT and connected between the two gates of the current
mirror transistors MP1 and MP2 at the node nl'.

The control means MCM deliver the signal SELVRT.

This controlled switch SELVRT and the reset transistor
TRS switch simultaneously as shown on the timing diagram
in FIG. 4.

Although preferred embodiments of the method and appa-
ratus of the present mmvention have been illustrated 1n the
accompanying Drawings and described in the foregoing
Detailed Description, it will be understood that the invention
1s not limited to the embodiments disclosed, but 1s capable of
numerous rearrangements, modifications and substitutions
without departing from the spirit of the invention as set forth
and defined by the following claims.

What 1s claimed 1s:

1. An 1mage sensor, comprising:

a matrix of active pixels, wherein each pixel comprises a
photodiode and a follower transistor whose gate 1s con-
nected to the photodiode;

one pair of sampling capacitors per matrix column for
processing the mmformation delivered by the matrix of
active pixels;
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a differential amplifier per matrix column configured 1n
follower mode and connected between the pixels of the
column and the pair of sampling capacitors via a pair of
switches; and

an additional amplifier with unity gain connected between
the output of the differential amplifier and the pair of
switches associated with the sampling capacitors, the
additional amplifier sourcing current for suificiently and
quickly charging the capacitors;

wherein the differential amplifier configured 1n follower
mode comprises:

a differential pair comprising the follower transistor of
the pixel and an additional transistor, the source of the
follower transistor being connected to a source of
biasing current via a row-selection transistor, the
source of the additional transistor being also con-
nected to the said biasing current source, the drain of
the additional transistor being fed back onto the gate
of the additional transistor, and

a current mirror connected between the drain of the
follower transistor and the drain of the additional
transistor,

wherein the gate of the follower transistor of the pixel
forms the positive input of the differential amplifier and
the gate of the additional transistor forms the negative
input of the differential amplifier.

2. The 1mage sensor according to claim 1, wherein each
pixel also comprises a reset transistor, the sensor further
comprising, per matrix column, a pixel supply line to which
are connected the reset transistors for the column pixels, and
in that this supply line 1s distinct from a bit line to which 1s
connected the differential amplifier.

3. The image sensor according to claim 1, wherein each
pixel also comprises a reset transistor, and wherein the drain
of the follower transistor and the reset transistor of each
column pixel are connected to a bit line to which 1s connected
the current mirror of the differential amplifier, and wherein
this bit line 1s supplied via a controlled switch, and wherein
the sensor comprises control means operable to simulta-
neously turn on the reset transistor and close the switch, then
simultaneously turn off the reset transistor and open the
switch.

4. The image sensor according to claim 1, wherein the
tollower transistor of each pixel 1s a double-oxide or single-
oxide transistor.

5. The image sensor according to claim 1, wherein the
sensor 1s 1ncluded within a video camera device.
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